Using a slitless spectroscopy method with the 8.2 m Subaru telescope and its FOCAS Cassegrain spectrograph, we have increased the number of planetary nebula (PN) detections and PN velocity measurements in the flattened elliptical galaxy NGC 821. A comparison with the detections reported previously by the Planetary Nebula Spectrograph group indicates that we have confirmed most of their detections. The velocities measured by the two groups, using different telescopes, spectrographs and slitless techniques, are in good agreement. We have built a combined sample of 167 PNs and have confirmed the keplerian decline of the line-of-sight velocity dispersion reported previously. We also confirm misaligned rotation from the combined sample. A dark matter halo may exist around this galaxy, but it is not needed to keep the PN velocities below the local escape velocity as calculated from the visible mass. We have measured the m(5007) magnitudes of 145 PNs and produced a statistically complete sample of 40 PNs in NGC 821. The resulting PN luminosity function (PNLF) was used to estimate a distance modulus of 31.4 mag, equivalent to 19 Mpc. We also estimated the PN formation rate. NGC 821 becomes the most distant galaxy with a PNLF distance determination. The PNLF distance modulus is smaller than the surface brightness fluctuation (SBF) distance modulus by 0.4 mag. Our kinematic information permits to rule out the idea that a shorter PNLF distance could be produced by the contamination of the PNLF by background galaxies with emission lines redshifted into the on-band filter transmission curve.
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INTRODUCTION
Planetary nebulae (PNs) are easy to detect in the outskirts of galaxies less distant than 25 Mpc. Once detected, the strong emission lines in PN spectra are well suited for accurate radial velocity measurements. Thus, PNs are useful test particles to study dark matter existence and distribution in halos of elliptical galaxies (Hui et al. 1995; Méndez et al. 2001; Romanowsky et al. 2003; Teodorescu et al. 2005; De Lorenzi et al. 2008 Méndez et al. 2009; Coccato et al. 2009 ).
Photometry of the detected PNs permits to build their luminosity function (PNLF), which can be used to provide a distance estimate. PNLF distances play a significant role as a critical link between the Population I and Population II distance scales (Ciardullo et al. 2002; Feldmeier et al. 2007) . One unsolved problem involving the PNLF is that Cepheidcalibrated PNLF distances are 0.3 mag smaller than Cepheid-calibrated surface brightness fluctuation (SBF) distances (Ciardullo et al. 2002) . We would like to understand why.
PNs in the elliptical galaxy NGC 821 were first studied by Romanowsky et al. (2003) , and most recently by Coccato et al. (2009) . Using the Planetary Nebulae Spectrograph (PN.S) at the La Palma 4.2 m Herschel telescope, they discovered 127 PNs which they subsequently used to study the kinematics of this galaxy.
The results of the dynamical studies have not been quite conclusive about the presence of dark matter in normal (intermediate mass; not giant) elliptical galaxies. Some of the normal ellipticals show clear evidence of a dark matter halo, like NGC 5128 (Hui et al. 1995; Peng et al. 2004) . In some other cases, the line-of-sight velocity dispersion (LOSVD) shows a keplerian decline as a function of distance from the center, which can indicate either the absence of a dark matter halo, or the presence of radial anisotropy in the velocity distribution. Examples are NGC 4697 (Méndez et al. 2001 ), NGC 3379 (De Lorenzi et al. 2009 , and NGC 821. The degeneracy between mass and radial anisotropy has not been resolved to everybody's satisfaction. Dekel et al. (2005) say that radial anisotropy is expected from their numerical simulations, while Kormendy et al. (2009) , in their comprehensive study of the Virgo cluster ellipticals, say that the normal ellipticals (like the ones that have presented the Keplerian decline of LOSVD) are more isotropic than giant ellipticals (which do frequently show dark matter halos). There is general agreement that radial anisotropy, if present, can explain the Keplerian decline of the LOSVD; but we believe it is fair to say that nobody has produced decisive independent observational evidence of radial anisotropy, so that the issue remains undecided (De Lorenzi et al. 2009; Napolitano et al. 2009 ).
In the particular case of NGC 821 there is apparently conflicting evidence from a long-slit spectroscopic study by Forestell & Gebhardt (2008) , which seems to indicate a non-decreasing LOSVD with radius, in contradiction to what the PNs suggest. Unfortunately, the Forestell & Gebhardt data do not extend beyond 100 arcsec from the center, so it is not possible to compare with the LOSVD from PNs at more than 200 arcsec from the center (Coccato et al. 2009 ). More recently, two additional absorption-line studies involving NGC 821 have been published. (1) Proctor et al. (2009) used data extracted from Keck DEIMOS multi-object spectroscopy, extending out to about 120 arcsec along the major axis. (2) Weijmans et al. (2009) used the integral-field spectrograph SAURON to extend a previous SAURON study by Emsellem et al. (2004) . The data from Weijmans et al. also stop at 120 arcsec along the major axis, and 50 arcsec along the minor axis of NGC 821. Both groups concluded that their LOSVD is in good general agreement with Forestell & Gebhardt, leaving aside a few discrepant points, and they also found good agreement with PN kinematics within their accessible range. Proctor et al. (2009) did not attempt to discuss the dark matter halo. Weijmans et al. (2009) built Schwarzschild dynamical models and concluded that their best-fit model requires a dark matter halo. Unfortunately, they chose to ignore the PN data points, for consistency, they said, because the PN measurements are not based on integrated stellar light. So their Figure 14 stops at 120 arcsec from the center of NGC 821, and we cannot see how well their best-fit model is able to fit the substantially lower PN LOSVD at 200 arcsec. As a consequence, we are left with the impression that the kinematic information provided by PNs is still irreplaceable, but on the other hand it is still being rejected sometimes as unreliable.
Our original motivation was to make a deeper PN survey in NGC 821, and use the expected increase in the number of PN detections to improve the statistics and reach a clearer conclusion about the dark matter content in this particular case. After two observing runs with the 8.2 m Subaru telescope and its Cassegrain imaging spectrograph FOCAS, we were able to increase the number of detected PN candidates, but not as much as we hoped, because of bad weather and poor seeing in the second run. We concluded that a sophisticated modeling effort would again fail to give a decisive contribution. Instead, we focused on providing some useful information.
Our goals in this paper are: (1) to compare our detections, PN positions and radial velocities with those measured by the PN.S group with a different telescope, spectrograph and technique; which might contribute to an easier acceptance of the PN kinematic results.
(2) to use our photometry to build for the first time the PNLF of NGC 821, estimate its PNLF distance, and compare it with the SBF distance. Since recently many SBF distances in the Virgo and Fornax clusters were redetermined using the Hubble Space Telescope Advanced Camera for Surveys (Blakeslee et al. 2009 ), we think it is timely to revisit the PNLF-SBF distance comparison.
Section 2 describes our observations, reductions and radial velocity calibrations. In Section 3 we compare our results with those obtained by the PN.S group. Sections 4, 5 and 6 present the kinematic results from 167 PNs and their interpretation. In Section 7 we describe the PN photometry. In Section 8 we build the PNLF, make a PNLF distance determination and estimate the PN formation rate. Section 9 deals with the persistent discrepancy between PNLF and SBF distances. In Section 10 we give a summary of our conclusions.
OBSERVATIONS, REDUCTIONS, AND RADIAL VELOCITY CALIBRATIONS

Observations
The observations were made by one of us (RHM) with the Faint Object Camera and Spectrograph (FOCAS; Kashikawa et al. 2002) attached to the Cassegrain focus of the 8.2 m Subaru telescope, Mauna Kea, Hawaii, on three nights, 2004 November 7, 8 and 9. The nights were dark, of photometric quality, and with average seeing of 0 ′′ .7, 1 ′′ , and 0 ′′ .5 on the first, second and third night, respectively.
The field of view of FOCAS is 6.5 arcmin and is covered by two CCDs of 2k × 4k (pixel size 15 µm) with an unexposed gap of 5 ′′ between them. For simplicity, we will call the 2 CCDs Chip 1 and Chip 2. The image scale is 0.104 arcsec pixel −1 . The purpose of this project was to discover the PNs using the classical on-band, off-band filter technique (see Section 2.2); then measure the brightness and the radial velocities of the discovered sources. The radial velocities were measured using a slitless method (see Section 2.2) involving images taken through both the on-band filter and an echelle grism. The on-band filter has a central wavelength of 5025Å, a FWHM of 60Å, a peak transmission of 0.68 and an equivalent width of 40Å. In total, 15 off-band images (exposure time 140 s), 16 on-band images (exposure time 1400 s) and 16 grism + on-band images (exposure time 2100s) were taken. For the photometric calibration, on-band images of the spectrophotometric standard LTT 9491 (Oke 1990) were taken. For the wavelength calibration, after each grism exposure, an engineering mask was inserted in the light path, and on-band and grism + on-band images were obtained illuminating the mask with the comparison lamp. In addition, on-band and grism+on-band images of the engineering mask were taken illuminating the mask with the Galactic PN NGC 7293 (PNG 036.1-57.1), for radial velocity quality control. Examples of the calibration images are shown in Figure 2 of Méndez et al. (2009) . Table 1 shows the log of the most important images used in this work.
PN detection and slitless spectroscopy with Subaru and FOCAS
The traditional on-band, off-band filter technique was used for the detection of the PNs in NGC 821. The on-band image is taken through a narrow-band filter passing the redshifted [O III] λ5007 nebular emission line, while the off-band image is taken through a broader filter passing no nebular emissions. The PNs are visible as point sources in the on-band image, but are absent in the off-band image. A third image, taken through the on-band filter and a grism, confirms the PN candidates. By inserting the grism in the light path, the images of all continuum sources are transformed into segments of width determined by the on-band filter transmission curve. All the emission-line point sources such as the PNs remain as point sources. The grism also introduces a shift relative to the undispersed on-band image which is a function of the wavelength of the nebular emission line and of position on the CCD. By calibrating this shift, we are able to measure the radial velocities for all emission-line objects in the field. In the case of Subaru and FOCAS the dispersing element was an echelle grism with 175 grooves/mm which operates in the 4th order and gives a dispersion of 0.5 A/pixel, with an efficiency of 60% (see Subaru FOCAS website). Typical images with seeing around 0.5 arc second have a Point Spread Function size of 5 pixels, which translates into a radial velocity resolution of 140 km s −1 , i.e. the PN's internal velocity field is not resolved. Assuming position errors of 0.4 pixel, the expected uncertainty in radial velocity is 12 km s −1 .
Data reduction
Standard IRAF
2 tasks were used for the basic CCD reductions (bias subtraction, flatfield correction using twilight flats). In order to eliminate the cosmic rays and to detect faint PN candidates, we needed to combine the scientific images of NGC 821: First, for each field, Chip 1 and Chip 2, we chose as reference images one pair of undispersed and dispersed on-band individual images of the best possible quality. All the other available images, including the off-band ones, were registered on the corresponding reference image. Any possible displacements due to guiding problems or deformations in the spectrograph were thus reduced to a minimum. The registration was done with the IRAF tasks "geomap" and "gregister" and about 30 stars for each field were used. In the end, we obtained residuals smaller than 0.2 pixel.
The registration of the dispersed images was more difficult. Since we could not detect enough PNs on the individual images, we had to instead use the spectral segments produced by normal stars for the registration. To minimize the temperature shifts in the position of the spectral segments, we divided the grism images into groups having approximately the same temperature (which was obtained for each grism image from the corresponding FITS header). This time, the registration proceeded in two steps: First, the images in each group were registered. Then, the resulting registered images of each group were registered on the image with the best quality. We calculated the centroid of each segment using the FORTRAN 90 program "centroid" written by David Tholen. About 10 stars were used for both fields and residuals around 0.3 pixel were obtained. An error of 0.4 pixel in the distance between undispersed and dispersed images would produce an error of 12 km s −1 in radial velocity. Having obtained a satisfactory registration, we produced the combined on-band, off-band and dispersed images for Chip 1 and Chip 2 fields using the IRAF task "imcombine".
For easier PN detection and photometry in the central parts of NGC 821, where the background varies strongly across the field, we produced difference images between undispersed on-band and off-band combined frames. In ideal conditions this image subtraction should produce a flat noise frame with the emission-line sources as the only visible features. A critical requirement to achieve the desired result is perfect matching of the point-spread functions (PSFs) of the two frames to be subtracted. For this purpose, we applied a method for "optimal image subtraction" developed by Alard & Lupton (1998) , and implemented in Munich by Gössl & Riffeser (2002) as part of their image reduction pipeline. Figure 1 shows part of the resulting difference image from Chip 2. This procedure cannot be used for the combined dispersed images because there is no off-band counterpart. Therefore, to flatten the background and reduce the contamination by stellar spectra, we applied the IRAF task "fmedian" to the combined Chip 1 and Chip 2 dispersed images. The resulting median images were then subtracted from the unmedianed ones. Figure 2 shows the result for the same field shown in Figure 1. 
Astrometry
We identified the PN candidates by blinking the on-band versus the off-band difference images and confirmed them by blinking on-band versus dispersed. In addition, the object had to be a point source and to be undetectable in the off-band image. In this way it is possible to minimize the contamination of the PN sample by unrelated background sources, like galaxies with emission lines redshifted into the on-band filter transmission curve. We will further discuss background contamination in Sections 5 and 8. The pixel coordinates of all the candidates in the undispersed and dispersed images were measured with the IRAF task "phot" with the centering algorithm "centroid".
We performed an astrometric calibration of the images using the USNO-B1 astrometric star catalog (Monet et al. 2003) . We found 11 astrometric stars on Chip 1 and 13 astrometric stars on Chip 2. We used a software written by David Tholen which is able to perform up to a quartic fit of the stars in a field. This software is usually used to produce very accurate astrometry needed for determining the positions of asteroids. Because of the relatively small size of the field in a chip, a simple linear fit was sufficient. The astrometric rms of the fit is composed by three components: (1) the contribution of the centroiding error, which our software is capable to keep under a few tenths of a pixel (a few hundredths of an arcsecond) even for objects with a S/N near 5; (2) the contribution of the random error of the stars, which, for a single star is of the order of 0 ′′ .2, but which is going with the square root of the number of stars used (in our case the total contribution is of the order of few hundredths of an arcsecond); (3) the systematic error of the catalog, which is estimated to be around 0 ′′ .2. We estimate an rms of about 0 ′′ .3 for the astrometry of our catalog of PNs.
Radial velocity calibrations
In order to determine the shift produced by the insertion of the grism as a function of wavelength and position on the CCD, we used an engineering mask that produces an array of point sources when it is illuminated with the internal FOCAS lamps or any extended astronomical source. The full mask is made up of almost 1000 calibration points, separated by almost 100 pixels. We also used exposures of NGC 7293, a local PN with a large angular size that allowed us to obtain calibration measurements all across the FOCAS field. An example of these calibration images is shown in Figure 2 of Méndez et al. (2009) . The procedure for wavelength measurement is explained in Section 3 of that paper, to which we refer the interested reader.
To test for the presence of any systematic errors in the radial velocities, we use the images of NGC 7293 as follows. We can measure radial velocities in two ways: (a) classical, using each mask hole as a slit, and (b) slitless, using the displacement as a measure of wavelength and therefore velocity. The comparison between slitless versus classical measurement is shown in Figure 3 for both Chip 1 and Chip 2. Since we are measuring the velocity of different gas elements in NGC 7293, we expect to get a range of velocities across the field. There is good agreement between classical and slitless measurements. The average heliocentric velocity of NGC 7293 from all the grid points is about −30 km s −1 , in good agreement with recent measurements of the systemic velocity (−27 km s −1 ; Meaburn et al. 2005) . For a more detailed discussion, please see Méndez et al. (2009) . We conservatively estimate the calibration errors in FOCAS slitless radial velocities to be of the order of 10 km s −1 .
If we add quadratically the uncertainties in velocity given by the calibration errors (∼ 10 km s −1 , the position errors (∼ 10 km s −1 , Section 2.2), and the errors from image registration (∼ 10 km s −1 , Section 2.3), we get an overall error of about 17 km s −1 . Assuming that the spectrograph deformations and guiding errors have a marginal contribution, we estimate the total uncertainty in the velocities measured with Subaru to be at most 20 km s −1 .
THE FOCAS SAMPLE AND COMPARISON WITH THE PN.S SAMPLE
We have found 155 PN candidates in NGC 821 with Subaru and FOCAS. The list of detected objects is given in Table 2 . We identified 85 PNs in common with the PN.S sample, and those are indicated in Table 2 . We could not confirm a detection for 19 PN.S objects within the FOCAS field we observed. There are 23 PN.S objects reported outside of the FOCAS field or in places we could not see (the 5 ′′ gap between Chips 1 and 2, and some bad columns, mostly in Chip 1). Thus we have been able to increase the total number of PN candidates from 127 reported by the PN.S group to 178. Figure 4 shows the distribution of the PN candidates across NGC 821. In Figure 5 we present the comparison of equatorial coordinates measured by both groups, and in Figure 6 we compare the velocities. In Figure  5 we observe an offset of almost 2 ′′ in α between the PN.S sample and the FOCAS sample, while the differences in δ give reasonably good agreement within 1 ′′ .
The offset and higher residuals in α between the PN.S and the FOCAS sample are most probably caused by uncertainty in the zero point of the PN.S astrometry. In the PN.S counterdispersed imaging method there is no undispersed image, and the position of a reference star is determined by calculating the centroid of the stellar spectrum segments in the counterdispersed images. Since the stars are dispersed in the E-W direction, it becomes more difficult to measure the Right Ascension. For example, the centroid calculation may be sensitive to the presence of absorption features near one edge of the filter transmission curve, and this will depend on the spectral types of the stars used (L. Coccato 2009, private communication) .
In Figure 5 we have indicated 8 cases (identified with the FOCAS numbers in Table 2) where we have detections lying close to reported PN.S detections. However, since ∆α and ∆δ are too large, we do not consider these PN.S detections to be confirmed by our images. There is one marginal case, our object 242, which lies at the edge of the elongated cloud of confirmed sources. However, in this case our velocity is completely different, as shown in Figure 6 ; because of that, we do not count this as a confirmation of the PN.S detection. In fact, this PN.S object (number 92 in their list) was considered an outlier by the PN.S team, and was not included in the final sample they used for their kinematic study. Figure 6 shows that there is good agreement between both sets of velocities. Having eliminated object 242 from the comparison, we find a standard deviation of 31 km s −1 , which is expected, given the error bars reported by both groups.
PRELIMINARY ANALYSIS OF PN RADIAL VELOCITIES
We will refer to our heliocentric radial velocities determined with the slitless method simply as 'velocities'. We could measure the velocities for 140 of the 155 PN candidates listed in Table 2 (some objects could not be measured on the grism images because of background contamination problems, or bad columns, or because the displacement produced by the grism put the sources outside of our field). Since we found good agreement between the velocities measured with both techniques, as shown in Figure 6 , we decided to use the PN.S velocities in those few cases (five) where a detection was confirmed but we could not make a velocity measurement. We also added the 23 PN.S velocities measured outside of the FOCAS field or in places we could not see.
After these additions, the total sample of PN candidates (FOCAS + PN.S) discovered in NGC 821 with measured velocities amounts to 168. Figure 7 shows the (x,y) coordinates of the 168 PN candidates relative to the center of NGC 821, adopted to be at α(2000) = 2h 08m 21.4s, δ(2000) = 10
• 59 ′ 41 ′′ . The x coordinate runs in the direction of increasing α along the major axis of NGC 821, defined to be at PA = 25
• (from N through E). Figures  8 and 9 show the PN candidate velocities as a function of the x-coordinate in arcsecs and the y-coordinate in arcsecs, respectively. The average velocity of 1706 km s −1 is in good agreement, within the uncertainties, with the NASA/IPAC Extragalactic Database (NED) radial velocity of 1735 km s −1 . We estimate the PN average velocity uncertainty to be approximately 20 km s −1 , from a velocity dispersion of the order of 150 km s −1 (see Section 5), the number of PNs measured, and the possible systematic error of ± 10 km s −1 in our velocities from the calibration procedure using NGC 7293.
In Figures 8 and 9 , we find one object with a too low velocity if interpreted as a 5007 A emitter: it is FOCAS number 104 in Table 2 . It may appear to be a marginal case, but we will see in next section, in the plot related to escape velocities, that this object has the wrong velocity for NGC 821, and it must be a background galaxy with some emission line that has been redshifted into the on-band filter transmission curve. Therefore we decided to reject object 104 and work with a sample of 167 PNs with known velocities.
LINE-OF-SIGHT VELOCITY DISPERSIONS AND ESCAPE VELOCITIES
As already mentioned, Romanowsky et al. (2003) and Coccato et al. (2009) found a decreasing line-of-sight velocity dispersion (LOSVD) which could imply a dearth of dark matter in this galaxy. We want to verify if our velocities confirm this result. For that purpose we subdivide our 167 PN sample into five elliptical annuli, with shapes similar to that of NGC 821, at increasing angular distances from the center of NGC 821. The numbers of PNs per annulus, from the inside out, are 48, 48, 23, 27, and 19, respectively. For all PNs within each elliptical annulus we calculate the average angular distance to the center, and the LOSVD. The result of this calculation is shown in Figure 10 . It looks very similar to plots shown by Romanowsky et al. (2003) and Coccato et al. (2009) , so essentially we have confirmed their results. Figure 10 also shows LOSVDs derived from long-slit absorption-line spectra of NGC 821 (Forestell & Gebhardt 2008) . We also added SAURON data taken from Weijmans et al. (2009) . We find marginal agreement, within error bars, between PNs and absorption-line data within 100
′′ of the galaxy's center. We have tried several different versions of Figure 10 , using different sets of PN data: vertical regions instead of ellipses, or FOCAS data only, but the PNs always give more or less the same result, confirming the keplerian decline of the LOSVD as previously reported.
In Figure 10 , we fit the run of the LOSVD with angular distance from the center of NGC 821 using an analytical model developed by Hernquist (1990) . This model is spherical, nonrotating, isotropic, and it assumes a constant mass-to-light ratio (no dark matter). The fit is obtained by adopting a total mass of 2 ×10
11 M ⊙ and an effective radius R e = 39 We can make another test, by plotting PN radial velocities as a function of angular distance from the center of NGC 821. Suppose we compare with the local escape velocity for the Hernquist model with constant mass-to-light ratio used in Figure 10 . The escape velocity is given by:
where M t is the total mass, and a is a scale length equal to R e /1.8153. In the presence of a substantial dark matter halo, we would expect some PNs to show velocities in excess of the escape velocity (which was calculated under the assumption of no dark matter), as it happened in the case of NGC 5128 (Hui et al. 1995; Peng et al. 2004 ).
The comparison is shown in Figure 11 . Even if we reduce the galaxy's mass by 20%, going in the same direction as with NGC 4697 (Méndez et al. 2009 ), we find no object exceeding or even approaching the local escape velocity. The only exception is FOCAS object 104 in Table 2 , which is so distant from the galaxy's distribution that it must be a background galaxy, as argued above. Although this kind of argument cannot prove the absence of dark matter, it does indicate that any existing dark matter halo is even less conspicuous than that of NGC 4697, the evidence for which was in itself inconclusive. Therefore, it remains quite possible that less massive ellipticals have, on average, lower dark matter fractions than the more massive ellipticals (e.g., Napolitano et al. 2005 Napolitano et al. , 2009 , NGC 821 being another example of this trend.
ROTATION
We have used our enlarged PN sample to verify a statement by Coccato et al. (2009) : that the velocity field of NGC 821 as defined by the PNs shows a rotation of about 120 km s −1 with a misalignment of 56 degrees between the photometric major axis and the PN kinematic major axis. This result differs from the rotation as indicated by stellar absorptionline data (SAURON team, Emsellem et al. 2004; and Proctor et al. 2009 ). The two different data sets are not in conflict, however, because the rotational signal from the stars is limited to an area within 70 arcsec from the center of NGC 821 (see Figure 18 in Proctor et al. (2009) , while the rotational signal from the PNs becomes significant only outside of about 70 arcsec from the center. This is of course because of the higher LOSVD close to the center, and the comparatively small number of PNs detected there. But still it is interesting to find the outer regions showing rotation in a direction that differs from that of the central region, and so it is worth checking with a larger PN sample.
The result of the test is shown in Figures 12 and 13 . Instead of producing a smoothed PN two-dimensional velocity field, as in Coccato et al. (2009) , we prefer to avoid any smoothing operations, and work with thick cuts in different directions, which we find easy to interpret. In Figure 12 we have adopted the same orientation as in Figure 3 of Coccato et al. (2009) , with the major axis of NGC 821 in the vertical direction. So the x and y axes defined for our Figures 7-9 run vertically and horizontally, respectively. We selected this orientation because it helps to compare our results with those of Coccato et al. The left panel of Figure  12 shows a kinematic axis inclined 0 degrees with respect to the photometric major axis. We select all PNs within 40 arcsec of the kinematic axis, divide them into four bins, and calculate the average velocity for each bin, which is then plotted in the right panel. The result is no significant rotation in this direction. Figure 13 shows two similar plots, corresponding to a kinematic axis inclined 56 degrees with respect to the photometric major axis. In this case the four bins produce a significant velocity gradient, as seen in the right panel. Note how the squares lie on the approaching side and the crosses lie on the receding side, exactly as in Figure 3 of Coccato et al. We have built similar figures for kinematic axes in all orientations relative to the photometric major axis, which we do not show for brevity. We conclude that the maximum rotational signal occurs for an angle of 56±20 degrees, as reported by Coccato et al. So we have essentially confirmed their results.
PHOTOMETRY
We could obtain photometry for 145 out of the 155 sources listed in our catalog ( Table  2 ). The [O III] 5007Å fluxes measured through the on-band filter are traditionally expressed in magnitudes m(5007), using the definition introduced by Jacoby (1989) , m(5007) = −2.5 logI(5007) − 13.74.
For the flux calibration, we adopted the standard star LTT 9491 (Oke 1990 ). This star has a monochromatic flux at 5025Å of 1.075 × 10 −14 ergs cm −2 s −1Å−1 (Colina & Bohlin 1994) . The flux measured through the on-band filter, in units of ergs cm −2 s −1 , can be calculated knowing the equivalent width of the on-band filter; using equation (2), we find m(5007)=17.18 for LTT 9491.
Most PNs were measurable only on the differences of the combined images (on − off). Thus, to calculate the m(5007) of the PNs we had to go through several steps. First, we made aperture photometry of LTT 9491 using the IRAF task "phot". The FWHM of LTT 9491 was between 3 and 4.5 pixels. We adopted an aperture radius of 20 pixels; the sky annulus had an inner radius of 25 pixels and a width of 5 pixels. The same parameters were used to make aperture photometry of four moderately bright stars in the reference images corresponding to both fields. These four "internal standards" were selected relatively distant from the center of NGC 821 to avoid background problems.
Having tied the spectrophotometric standard to the internal frame standards, we switched to strictly differential photometry. We made aperture photometry of the internal standards on the Chip 1 and Chip 2 on-band combined images to correct for any differences relative to the reference images. On the same on-band combined images we subsequentely made PSF-fitting DAOPHOT photometry (Stetson 1987 ; IRAF tasks "phot", "psf" and "allstar") of the internal standards and four bright PNs. From the aperture photometry and PSFfitting photometry of the internal standards we determined the aperture correction. Finally, we made PSF-fitting photometry of all PN candidates on the difference images (onband − offband), where the stars had been eliminated. The four bright PNs were used to tie this photometry to that of the standards. The internal errors in the photometry of the difference images were estimated to be below 5%. Applying a final correction related to the peak of the on-band filter transmission curve (see Jacoby et al. 1987 ), we obtained m(5007) for the 145 PNs.
THE PNLF, DISTANCE, AND PN FORMATION RATE
Having measured the apparent magnitudes m(5007), we needed to produce a statistically complete sample, because the detectability of a PN varies with the background brightness. For this purpose we used a procedure already described in Section 5 of Méndez et al. (2001) . In summary, we eliminated all PNs fainter than m(5007)=28.0, beyond which the number of PNs per bin shows a marked decrease, and we also eliminated all PNs within a zone of exclusion characterized by high background counts and more difficult detectability. This zone of exclusion was an ellipse at the center of NGC 821, with minor and major semiaxes of 30 and 55 arcsec respectively. In this way, we got a statistically complete sample of 40 PNs.
The PN luminosity function (PNLF) was built, using 0.2 mag bins, and compared with simulated PNLFs like those used by Méndez & Soffner (1997) to fit the observed PNLF of M 31. The comparison is shown in Figure 14 . The absolute magnitudes M(5007) that produce the best fit to the simulated PNLF were calculated using an extinction correction of 0.385 mag at 5007Å (from data listed in NED; see Schlegel et al. 1998 ) and a distance modulus m−M = 31.4, which is equivalent to 19 Mpc. The simulated PNLFs plotted in Figure 14 are binned, like the observed one, into 0.2 mag intervals and have maximum final mass of 0.63 M ⊙ , µ max = 1, and sample sizes between 1200 and 3400 PNs (see Méndez & Soffner 1997 ; the "sample size" is the total number of PNs, detected or not, that exist in the surveyed area). We estimated an error of 0.1 mag from the goodness of the fit at different distance moduli. To obtain the total error estimate, we have to combine the possible systematic and random errors. The systematic error is the same as in Jacoby et al. (1990) , i.e., 0.13 mag, including the possible error in the distance to M 31, in the modeling of the PNLF and in the foreground extinction. The random contributions are given by 0.1 mag from the fit to the PNLF, 0.05 mag from the photometric zero point, and 0.05 mag from the filter calibration. Combining all these errors quadratically, we estimate that the total error bar for the PNLF distance modulus is ±0.2 mag. The PNLF distance modulus, 31.4, is smaller than the SBF distance modulus (31.9, according to Tonry et al. 2001) .
We would like to show that the use of the traditional analytical PNLF with a universal cutoff at M(5007) = −4.5 (e.g., Ciardullo et al. 2002) gives a very similar distance estimate, as demonstrated by Figure 15 . The effect of sample size on the PNLF distance happens, if at all, only for a larger sample size, like that obtained for NGC 4697 by Méndez et al. (2001) . In that case the PNLF distance modulus from simulated PNLFs was 30.1, which in our opinion is more reliable than the smaller 29.9 obtained from the same data by Ciardullo et al. (2002) using the analytical PNLF.
Once the sample size from Figure 14 is known, we can calculate the specific PN formation rateξ in units of PNs yr
where n PN is the sample size, L T is the total bolometric luminosity of the sampled population, expressed in L ⊙ , and t PN is the lifetime of a PN, for which 30,000 yr was adopted in the PNLF simulations. We have B T =11.67, B − V = 0.93 (de Vaucouleurs et al. 1991) , A B = 0.47 (from data listed in NED, NASA/IPAC Extragalactic Database), and a bolometric correction of −0.8 mag (Buzzoni et al. 2006 ) from which we obtain an extinctioncorrected apparent bolometric magnitude 9.47. Using a distance modulus of 31.4 and a solar M bol =4.72, we calculate the total luminosity of NGC 821 to be 4.6 × 10 10 L ⊙ .
Now we must consider that the statistically complete PN sample was built by excluding an elliptical region at the center of the galaxy. We estimate that the excluded region of NGC 821 contributes 60% of the total luminosity, and we conclude that the luminosity effectively sampled is L T = 1.8 × 10 10 L ⊙ . Adopting n PN = 2200 from Figure 12 , we obtainξ = (4 ± 2) × 10
We can also express the PN formation rate as α = n PN /L T . Using that definition, we find log α = −6.91. An inspection of, for example, Figure 12 in Buzzoni et al. (2006) shows that the α of NGC 821 is perfectly comparable, within the uncertainties, to that of other similar elliptical galaxies. Ciardullo et al. (2002) have reported a systematic discrepancy between distances determined from the PNLF and distances derived from the method of surface brightness fluctuations (SBF; Tonry et al. 2001) . From a comparison of distances to 28 galaxies, Ciardullo et al. reported that the PNLF distance moduli were smaller than the SBF moduli by 0.3 mag. This situation has not been explained in any satisfactory way, in particular because both methods have been calibrated using Cepheid distances.
COMPARISON OF PNLF AND SBF DISTANCES
In the meantime, a few more PNLF distances for rather distant galaxies have been added: NGC 1344 in Fornax (Teodorescu et al. 2005) , and the result we have just reported on NGC 821, which is the most distant galaxy for which a PNLF distance determination has been attempted. On the other hand, the SBF distance scale of Tonry et al. (2001) has been recalibrated in such a way that those ground-based SBF distances have become smaller in modulus by 0.06 mag (Blakeslee, private communication) . For example, the SBF distance modulus of NGC 821 becomes 31.8. Furthermore, many SBF distances have been redetermined, and in all likelihood improved, using images obtained with the Hubble Space Telescope (HST) Advanced Camera for Surveys (ACS) (Blakeslee et al. 2009 ). Therefore we have decided to make a new comparison of PNLF versus SBF distances, to put our results for NGC 821 and NGC 1344 in context.
We have used our own PNLF distances for NGC 4697, NGC 1344 and NGC 821. The PNLF distances for the other galaxies are taken from Feldmeier et al. (2007) and Ciardullo et al. (2002) . Concerning SBF distances, we have taken the Virgo and Fornax data, as well as NGC 4697, from Blakeslee et al. (2009) . All the others, including NGC 821, are from Tonry et al. (2001), corrected by −0.06 mag. In Figure 16 we show, for a total of 23 galaxies, the difference in distance modulus between the PNLF and SBF as a function of the SBF distance modulus. We might have expected the PNLF-SBF discrepancy to be slightly reduced, because of the SBF recalibration; but in fact it has become slightly larger, because the new ACS distances are a bit larger for several galaxies with PNLF distance. For example, the SBF distance of NGC 4697 has gone from 30.29 to 30.49, and that of NGC 1344 from 31.42 to 31.60. NGC 821 also shows a rather large discrepancy. So looking at SBF distance moduli between 31 and 32 mag, we get the impression that the PNLF-SBF discrepancy is now −0.4 mag.
Is there any evidence that the discrepancy increases with distance? We would agree with Ciardullo et al. (2002) that the evidence is perhaps suggestive but not convincing, because there are a few galaxies at much shorter distances (NGC 5128, M81) with as big a negative difference. More information will be needed at distance moduli between 28 and 30. This possible dependence on distance deserves careful consideration, because a clear explanation for its existence could be contamination by background galaxies like object 104 in Table 2 , discussed before. If there were many of those, the corrected PNLF would become fainter, and a fit to the simulated PNLF would require a larger PNLF distance, removing the discrepancy with the SBF distance. However, our kinematic studies of NGC 1344 and NGC 821 can be used to reject the idea. Such a numerous population of background galaxies, if interpreted as 5007Å emitters, would be expected to show a uniform distribution in velocity across the on-band filter transmission curve, which has a width in velocity of 3600 km s −1 . In fact, this is exactly what happened in the spectroscopic investigation of a group of candidate Virgo intracluster PNs by Kudritzki et al. (2000) , where those candidates were shown to be background Lyα emitters. In the cases of NGC 1344 and NGC 821, only one such contaminating source was found in each galaxy, which is not enough to affect our PNLF distance determinations, even if we assume that there are a few others at the "right" velocity to avoid detection. The only way to be completely sure is of course spectroscopic confirmation of the PN nature of the brightest sources, by detecting a second emission line, which would require a large amount of big telescope time. There is a motivation, however: the desire to learn about the abundances of the PNs in these distant elliptical galaxies. So perhaps the test will be made at some future time. We should add that one such test has already been made on the not so distant galaxy NGC 4697 (11 Mpc, Méndez et al. 2005) . All the tested sources were confirmed as PNs.
Having rejected the background galaxy contamination theory, the best explanation for the PNLF-SBF discrepancy is still extinction effects (Ciardullo et al. 2002) . Confirmation of this idea on the PNLF side will likewise require deep spectra of the brightest detected PNs. Again we can mention NGC 4697: the PN spectra of Méndez et al. (2005) show low or moderate internal extinction, of the order of 0.2 mag on average, which appears to be similar to the amount of internal extinction detected in PNs belonging to the PNLF calibrating galaxy M 31 by Ciardullo & Jacoby (1999) . At the present time we find no good reason to increase the PNLF distances, and the PNLF-SBF discrepancy remains unexplained.
SUMMARY OF CONCLUSIONS
We have been able to increase the number of PN detections and PN velocity measurements in the elliptical galaxy NGC 821. A comparison with the detections reported by the PN.S group indicates that we have confirmed most of their detections. The velocities measured by the two groups, using different telescopes, spectrographs and slitless techniques, are in good agreement. This confirms the reliability of detections and the good quality of the radial velocities reported by both groups. We have built a combined sample of 167 PNs, and have confirmed the keplerian decline of the LOSVD reported previously. The PN kinematics agree with absorption-line data within PN uncertainties. A dark matter halo may exist around this galaxy, but it is not needed to keep the PN velocities below the local escape velocity as calculated from the visible mass.
We have also confirmed the misalignment in rotation between outer PNs and inner stars reported by Coccato et al. (2009) .
We have measured the m(5007) magnitudes of 145 PNs and produced a statistically complete sample of 40 PNs. The resulting PNLF was used to estimate the distance to NGC 821, which becomes the most distant galaxy with a PNLF distance determination. We have also estimated the PN formation rate. The PNLF distance modulus is smaller than the SBF distance modulus by 0.4 mag. Our kinematic information permits to rule out the idea that a shorter PNLF distance could be produced by the contamination of the PNLF by background galaxies with emission lines redshifted into the on-band filter transmission curve. The PNLF-SBF distance discrepancy remains unexplained. This work was supported by the National Science Foundation (USA) under grants 0307489 and 0807522. In our research we made use of the NASA/IPAC Extragalactic Database (NED), which is operated by the Jet Propulsion Laboratory, California Institute of Technology, under contract with the National Aeronautics and Space Administration. It is a pleasure to acknowledge the help provided by the Subaru staff, in particular the support astronomers Youichi Ohyama, Takashi Hattori and Kentaro Aoki. Our thanks to Lodovico Coccato, John Blakeslee, and the anonymous referee, for useful comments.
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